Background: The role of submucosal injection (SI) in endoscopic papillectomy (EP) is controversial. Objective: This study investigated the effects of SI before EP of ampullary tumors. Methods: All patients who underwent initial curative EP at our institution between March 2006 and March 2014 were retrospectively recruited. The presence of residual tumor after three months, recurrence-free survival and post-procedural adverse events were compared between the SI group and non-injection (NI) group. Propensity-score matching was performed between the two groups to reduce potential selection bias and confounding. Results: A total of 122 patients were included (SI: 26, NI: 96). Following propensity-score matching, 25 paired patients were selected. Residual tumor was not shown in the NI group, whereas seven (28.0%) patients in the SI group had residual tumor (p ¼ 0.010). The recurrence-free survival of the NI group was significantly longer than that of the SI group (p ¼ 0.036). Upon multivariate analysis, pathologic grade (p ¼ 0.026) and SI (p ¼ 0.033) were significantly related to recurrence-free survival. Post-procedural adverse events were not significantly different between the two groups. Conclusion: SI before EP of ampullary tumor was related to more frequent residual tumor and shorter recurrence-free survival and did not reduce post-procedural adverse events.
high-grade dysplasia or early-stage adenocarcinoma within an ampulla can be treated by endoscopic papillectomy in selected cases. 6, [8] [9] [10] Most gastrointestinal mucosal tumors, such as colonic polyps or early gastric cancers, can be lifted from the submucosal layer by injecting saline solution or diluted epinephrine solution into the submucosal layer beneath the lesion of the gastrointestinal wall. This submucosal injection (SI) is thought to yield wider resection margins and prevent perforation and hemorrhage and is therefore commonly conducted when performing endoscopic mucosal resection or endoscopic submucosal dissection of such tumors, 11, 12 as well as in endoscopic papillectomy. However, ampullary tumors do not just lie on the flat, plain gastrointestinal wall, but in the area in which three histologically and physiologically distinct anatomic structures (common bile duct, pancreatic duct, and duodenum) are combined. 13 Moreover, the duodenal papilla itself lacks muscularis mucosae and a submucosal layer like the gallbladder and bile duct.
14 Therefore, there is controversy regarding whether an SI should be performed before resection, 15, 16 and several endoscopists do not recommend it. 4, 6 However, this opinion is also based on theoretical evidence and personal experience, and lacks the data to support it. Nevertheless, few studies have investigated the effects of SI in endoscopic papillectomy. Therefore, this study compared the clinical outcomes of endoscopic papillectomy with and without SI in patients with ampullary adenomas or early-stage adenocarcinomas.
Materials and methods

Patients
Patients diagnosed with adenoma or adenocarcinoma of the ampulla of Vater at Seoul National University Hospital and who received endoscopic papillectomy between March 2006 and March 2014 were reviewed retrospectively. Patients found to have another type of tumor on the final pathologic result, who had received surgical or endoscopic papillectomy previously, or who had received endoscopic papillectomy as a palliative treatment were excluded. Patients diagnosed with familial adenomatous polyposis, who may have a higher recurrence rate compared with the general population, were also excluded, may confound the result. Using medical records, patients' demographic and clinical data including sex, age, presenting symptoms at diagnosis, estimated tumor size on endoscopic image and pretreatment pathologic grade based on endoscopic biopsy were reviewed. Details regarding the endoscopic papillectomy, pathologic findings describing the resected specimen and adverse events and follow-up results were reviewed. The study populations were followed until December 31, 2016. The study protocol was based on the Declaration of Helsinki and approved by the institutional review board of Seoul National University Hospital (IRB Approval Number/Date: H-1702-091-831/Feb-20-2017). The requirement for informed consent was waived.
Endoscopic papillectomy
All endoscopic procedures were performed by three experienced endoscopists (Y-TK, JKR and SHL). The entire endoscopic procedure was performed under fluoroscopic guidance using a standard side-view duodenoscope (JF-240, JF-260, TJF-240 and TJF-260; Olympus, Tokyo, Japan). Endoscopic retrograde cholangiopancreatogram was performed before endoscopic papillectomy to evaluate intraductal extension and determine resectability. Biliary or pancreatic stenting was performed when there was concern about inadequate biliary or pancreatic duct drainage after papillectomy. Sphincterotomy was conducted when quantification of the intraductal extension was needed or ampullary stenosis was a concern. Tumor resection was performed using a standard polypectomy snare with a blended electrosurgical current. SI was performed using a hypertonic saline mixed with epinephrine (1:50,000) and indigo carmine, mainly for lesions that could not be grasped with a snare because of lateral extension or to reduce the bleeding or perforation risk according to the performing endoscopist's judgment. Lesions that could not be removed by en bloc resection were resected in a piecemeal fashion. Argon plasma coagulation (APC) was used if residual tumor tissue was suspected on endoscopic image immediate after the snare excision. The resected specimens were captured with a basket and measured with a ruler.
The resection site was evaluated after each procedure to identify residual tumor or bleeding. If active bleeding was noted on the endoscopic image, hemostasis was performed as follows: epinephrine was sprayed on the bleeding site or injected adjacent to the submucosal space, cauterized with an electrical snare tip or needle knife, compressed with a retrieval balloon catheter, or hemoclipped.
Definition of events and study outcome measurements
The primary outcomes were residual tumor at three months after resection and recurrence-free survival. Following endoscopic papillectomy, all patients with a final pathologic result of adenocarcinoma or positive resection margin were recommended to receive subsequent surgical resection after being informed of the risks and benefits of surgery. For patients who did not receive subsequent surgical resection, follow-up endoscopy was performed three months after the procedure and then annually thereafter.
The secondary outcomes were procedure-related adverse events, such as pancreatitis, cholangitis, hemorrhage, perforation and ampullary stenosis. Pancreatitis was diagnosed when two of the following three features were noted: persistent abdominal pain characteristic of acute pancreatitis > 24 h after endoscopic papillectomy, serum amylase and/or lipase levels increased more than three times the upper limit of normal, and characteristic findings of acute pancreatitis on computed tomography (CT) scan. 17 Cholangitis was defined as the presence of abdominal pain, leukocytosis, and fever without any other infectious focus outside the hepatobiliary system that required antibiotic treatment within 24 h. 18 Significant bleeding was indicated by a decrease in the serum hemoglobin concentration > 2 mg/dl and a blood transfusion or hemostasis procedure required after the endoscopic papillectomy. 19 Bowel perforation was diagnosed as the presence of free air in the abdominal cavity on post-procedural radiography or CT scan. Ampullary stenosis was diagnosed based on the radiological evidence of diffuse bile duct dilatation, as well as serum total bilirubin level elevated to more than twice the upper normal value.
Statistical analyses
Patients were divided into a non-injection (NI) group and an SI group. Data are shown as the number (%) for categorical variables and the mean (AESD) for continuous variables. To compare the characteristics of the study groups, the chi-squared test or Fisher's exact test was used for categorical variables, and the Student's t test for the continuous variables, where appropriate. To compare the recurrence-free survival of patients, the Kaplan-Meier method and log-rank test were used. To identify the independent factors associated with these outcomes, a Cox proportional hazard model with a forward stepwise procedure was used for multivariate analysis. Two-sided p values < 0.05 were considered to be statistically significant. To better control for confounding in the selection of whether to perform SI and to reduce the number disparity between the two groups, we calculated the propensity-score by a logistic regression model, which represented the probability of each patient receiving SI. The two groups of patients were matched one to one by nearest-neighbor matching with a 0.3-caliper distance. Variables that would affect the outcomes of endoscopic papillectomy were entered into the propensity-score matching, including age, sex, pretreatment pathology, and tumor size. The covariate imbalance in the unmatched and matched samples was measured using a standardized difference. Propensity scoring and matching were conducted using the MatchIt package (version 2.4-21) for R software (R for Windows 3.3.4; The R Foundation for Statistical Computing, Vienna, Austria). 20 Statistical analysis was performed with IBM SPSS Statistics version 22.0.0 for Windows (SPSS Inc, Chicago, IL, USA).
Results
Patient characteristics
During the study period, a total of 142 patients received endoscopic papillectomy. Among these, 20 were excluded from the analysis (Figure 1) . Overall, 122 patients were included in the analysis (96 NI and 26 SI). The baseline characteristics of all eligible patients are presented in Table 1 . Although not statistically significant, members of the NI group were slightly younger, included more males and had more tumors size > 2 cm than the SI group. Most patients had no symptoms, and the presenting symptoms did not differ between groups. Pretreatment pathology was also not significantly different.
Clinicopathological variables entered into the propensity-score matching analysis were age, sex, pretreatment pathology and tumor size. Overall, 25 paired patients were matched in both groups. The standardized mean differences in the clinicopathological characteristics between groups decreased (Table 1) 
Endoscopic procedure details and pathological features of patients
Endoscopic procedure details and pathological features following endoscopic papillectomy are described in Table 2 . In the original cohort, sphincterotomy, piecemeal resection and endoscopic hemostasis were performed more frequently in the NI group, while endoscopic retrograde pancreatic drainage (ERPD) and cauterization were more common in the SI group; however, the difference was not significant. Endoscopic retrograde biliary drainage (ERBD) was performed more in the SI group than the NI group (11 (11.5%) vs. 7 (26.9%), p ¼ 0.049). More patients in the NI group acquired a negative resection margin vertically and horizontally, although this difference was not significant. One tumor without pretreatment pathological exam, five tumors with low-grade adenoma, and 11 tumors with high-grade adenoma were identified as adenocarcinoma in the final pathological exam of the resected specimen; the proportion of each pathologic grade in both groups was not different, even based on the final pathological report.
There were also no significant differences in endoscopic procedure details and pathological features in the propensity-score-matched cohort, including the frequency of ERBD. A clear resection margin was more frequently achieved in the NI group (52.0% vs. 40.0%); however, this difference was not significant. In the final pathologic report, the proportion of high-grade adenoma was the same and the NI group had one more adenocarcinoma, but this difference was not significant.
Primary outcomes
Residual tumor was more frequent in the SI group (26.9%) than the NI group (8.3%) (p ¼ 0.010) in the original cohort. Six (6.2%) patients in the NI group and three (11.5%) in the SI group were lost to followup at three months after endoscopic papillectomy (Table 3 ). There was no significant difference in the residual tumor rate depending on the use of APC (4/28 (14.3%) with APC and 11/94 (11.7%) without APC, p ¼ 0.746). The recurrence-free survival was not significantly different between the groups (Figure 2(a) , Table 4 ). Factors related to shorter recurrence-free survival were piecemeal resection (p ¼ 0.033) and advanced histology both in the pretreatment (p ¼ 0.017) and final (p ¼ 0.001) ( Table 4) . Upon multivariate analysis, advanced histology was a significant factor only for shorter recurrence-free survival (Table 5 ).
In the propensity-score-matched cohort, residual tumor was not observed in the NI group and seven (28.0%) patients in the SI group had residual tumor (p ¼ 0.010). The proportion of patients who underwent subsequent surgery or were lost to follow-up was similar in both groups (Table 3) . Eleven (11.5%) patients in the NI group (four with positive resection margins, seven confirmed to have adenocarcinoma) and one (3.8%) in the SI group (confirmed to have adenocarcinoma) underwent subsequent pylorus-preserving pancreaticoduodenectomy. The NI group had a significantly longer recurrence-free survival rate than the SI group (p ¼ 0.036) (Figure 2(b) , Table 4 ). Upon univariate analysis, the only factor significantly related to shorter recurrence-free survival other than SI was advanced tumor histology. Upon multivariate analysis, SI (p ¼ 0.033) and advanced histology (p ¼ 0.026) were still significant factors related to shorter recurrence-free survival (Table 5) .
Secondary outcomes
After the procedure, pancreatitis, bleeding, and perforation were significantly more common in the SI group than the NI group. Pancreatitis occurred in fewer patients who underwent ERPD (11/57, 19.3% vs. 6/ 65, 9.2%); however, this difference was not statistically significant (p ¼ 0.109). Although not statistically significant, ampullary stenosis was also more common in the SI group. Adverse events were more frequent in the SI group, even in the propensity-score-matched cohort; however, the difference was reduced and not statistically significant (Table 3) . Residual or recurrent tumor was identified in 30 patients during follow-up. Of these patients, 13 were re-treated with APC, six with snare papillectomy, six with multiple cold forceps biopsy, four with pylorus-preserving pancreaticoduodenectomy (all had recurred as a carcinoma), and one patient refused further treatment. A total of 11 of 30 patients eventually received pylorus-preserving pancreaticoduodenectomy during follow-up.
Discussion
There is a debate over whether to perform SI before endoscopic papillectomy of ampullary tumor and there is also a little evidence for not recommending it. 3, 16, [21] [22] [23] This study showed that SI was related to more frequent residual tumor and shorter recurrence-free survival. Theoretically, SI lifts the tumor from the wall to secure a wider resection margin and prevent perforation and bleeding. Contrary to expectations, the SI group did not acquire a more negative margin than the NI group. Rather, the negative margin rate was slightly higher in the NI group than in the SI group, although this difference was not significant. Moreover, residual tumor was more frequent and recurrence-free survival was significantly shorter in the SI group than in the NI group. Furthermore, the procedure-related adverse events were more common in the SI group than in the NI group, although the differences were not significant. It is well known that SI when performing endoscopic mucosal resection of colonic polyps can create a fluid cushion between the lesion and deep layers of the gastrointestinal wall. This allows safe and complete en bloc resection of the lesion and prevents adverse events such as perforation and bleeding. 11, 12, 24 However, in ampullary tumors, it may not be applicable because of differences in histological features between the colonic mucosa and duodenal papilla. SI cannot lift the common bile duct and pancreatic duct, which pass through the duodenal wall. It could possibly lift the tumor confined to the duodenal surface, but tumors within the ampullary lumen (intra-ampullary), or involving the walls of the distal ends of the pancreatic duct and/or common bile duct could not be lifted, and would rather be hidden behind the swollen periampullary tissue. Moreover, SI could blur the margins of the tumor and make it difficult to grasp the entire tumor tissue with a snare. 25 Therefore, SI could interfere with complete resection of the tumor, which may be expressed in our study as a more positive resection margin in the tumor specimen and more frequent residual tumors in the SI group.
There is no standard equipment or technique for endoscopic papillectomy, only an approximate method is described 16, 25 and little is known about the role of SI. In early case series of endoscopic papillectomies, SI was routinely performed, and whether being lifted or not was used as an indicator of invasiveness; therefore, the effects of SI were not evaluable. 21 In another study, 70 endoscopic papillectomy cases were analyzed, suggesting that SI did not reduce the risk of delayed bleeding and perforation and the effect of SI on tumor recurrence was not evaluated. 26 In another study, 106 cases of endoscopic papillectomy showed recurrence in only 15% of patients, although none of the patients underwent SI. 3 In one small study, SI was not significantly associated with complete resection rate. 27 Recently, a prospective multicenter study was conducted to investigate the effects of SI in endoscopic papillectomy. In this study, more negative resection margin was achieved in patients who did not receive SI (21/26) than in those who did receive SI (12/24) (p ¼ 0.02). However, unlike our study, it included only benign tumors. The recurrence rate at one month and 12 months was not significantly different despite the initial difference in the rate of positive resection margin. 28 SI was expected to reduce bleeding; however, our study results showed that SI is not an effective method to reduce bleeding. Previous studies have also reported that SI did not reduce bleeding, 26 which is in good agreement with our results. In our study, perforation occurred in two patients and both patients were in the SI group. Bowel perforation is a relatively uncommon complication after endoscopic papillectomy; therefore, there were no data available for this. Contrary to our findings, retroperitoneal perforation was previously reported in patients who did not undergo SI. 26, 28, 29 Perhaps SI could encourage wider resection, which leads to diminished protective effects of SI and may explain the higher rate of bleeding and perforation in the SI group. Pancreatitis was also more common in the SI group, although there was no significant difference after propensity-score matching. These results were similar to those of a previous study and suggest that the swollen periampullary duodenal mucosa and injected solution could block the pancreatic ductal orifice. 28 Moreover, the injected solution may directly cause pancreatic tissue damage, which could induce pancreatitis.
In some special cases, SI could be helpful such as for large lateral spreading tumors spreading out of the papilla. In this case, tumor components spreading out of the papilla can be removed with SI and tumor components within the papilla can be removed without SI. 30 Our study did not include such large tumors, and large tumors up to 3 cm were resected without SI or any special technique. In our study, only two tumors larger than 2 cm in diameter were included in the SI group, 2 cm and 2.3 cm, respectively.
It should be noted that this study was limited in that it was conducted in a retrospective fashion and the selection of SI was not randomized.
Unfortunately, only a few patients in our study had undergone endoscopic ultrasonography, which could be useful to evaluate intraductal invasion of the tumor. 31, 32 Moreover, evaluation of the resection margin was not performed in many patients, and determination of whether to conduct SI could be influenced by unrecognized factors or physician's preference. A relatively large number of patients were lost to follow-up at less than three months (approximately 10%) after the procedure, which could have caused bias. 33 However, the baseline characteristics of patients were not significantly different between the two groups including the frequency of endoscopic sonography, and we conducted propensity-score matching to reduce bias during patient selection. The difference in frequency of residual tumor was significant, even after the propensity-score matching, and the difference in recurrencefree survival became more prominent after matching. Considering the slow doubling time of adenoma and early ampullary adenocarcinoma, we expect that the follow-up loss of patients within three months of the procedure may not be from the difference in clinical outcomes or acute deterioration of patients. Moreover, the dropout rates of both groups were similar, which may not seriously affect the study outcome.
Our study is significant because it is the first study to show a worse outcome of endoscopic papillectomy with SI than without SI. We have included a relatively large number of patients at a single center and included patients with ampullary adenocarcinoma, as well as those with adenoma, which reflects actual clinical practice. Many different factors that could affect the clinical outcome were compared between groups, and no factors were significantly different between groups after propensity-score matching.
Whether to perform SI during endoscopic papillectomy is still controversial and needs to be elucidated. We found that SI was related to more frequent residual tumor and shorter recurrence-free survival. Protective effects of SI for post-procedural bleeding or perforation were not seen, and it instead seemed to be harmful, although the results were not statistically significant. In conclusion, SI before endoscopic papillectomy is not recommended because of its impact on residual tumor, tumor recurrence, and post-procedural adverse events.
